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Six southern African species of the genus Eugenia L. were 
compared by means of a numerical analysis applying 20 
mainly quantitative foliar organographic properties to 
determine the taxonomic value of these properties. 
Leaves were cleared, stained and permanently mounted . 
Properties were measured on photographs obtained from 
mounts by using these directly as negatives. Two computer 
programs for cluster analysis and one for principal 
component analysis were employed. 
The results conform to the delimitation of the species as 
currently recognized and show that foliar organography can 
be of taxonomic value. 
S. Afr. J. Bot. 1982, 1:147-157 
Ses suider-Afrikaanse spesiss van die genus Eugenia L. is 
met behulp van 'n numeriese analise waarin 20 hoofsaaklik 
kwantitatiewe blaar-organografiese kenmerke gebruik is , met 
mekaar vergelyk om die taksonomiese waarde van hierdie 
kenmerke te bepaal. 
Blare is verhelder, gekleur en permanent gemonteer. 
Kenmerkwaardes is bepaal vanaf toto's wat verkry is deur die 
preparate direk as negatiewe te gebruik . Die waardes is met 
!wee rekenaarprogramme vir groeperingsanalise en een vir 
hoofkomponent-analise verwerk. 
Die resultate stem in die meeste gevalle ooreen met die 
huidige omgrensing van die spesies en dui op die 
bruikbaarheid van loofblaar-organografiese kenmerke in 
plant-taksonomie. 
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1. Introduction 
Foliage leaves of southern African species of Eugenia are 
rather similar in being simple and entire, usually opposite 
(rarely sub-opposite or ternate) , brochidodromous and 
glandular-punctate. Nevertheless a limited number of foliar 
properties are frequently used for the delimitation of taxa . 
In this regard leaf shape and venation properties are most 
frequently employed . 
Foliar properties proposed by Hickey ( 1973), Dilcher 
(1974), Madler (1975) and Weber (1978) are mainly 
qualitative and suitable for descriptive rather than taxa-
metric purposes. Hill (1980) introduced several quantitative 
foliar properties and successfully applied these to a 
numerical analysis of leaves of 20 randomly chosen species . 
The purpose of the present study was 
(a) to develop a clearing, staining and permanent 
mounting technique for leaves of indigenous species 
of Eugenia, 
(b) to compare leaves of six species of Eugenia by means 
of a numerical analysis demonstrating the use of Hill ' s 
(1980) method and implementing as many quantitative 
properties as possible, and 
(c) to ascertain whether the results of numerical analysis 
conform to the current delimitation of taxa which is 
usually based on a limited number of properties. 
In view of the limited time that was available for this 
study and the laborious task involved in determining 
mainly quantitative properties, only a limited number of 
properties and individuals was employed. It is, however, 
possible to increase these substantially. Therefore the 
present study may be regarded as preliminary to a study 
with more extensive sampling and a wider range of 
properties. 
2. Material and Methods 
2.1 Material 
The southern African species of Eugenia are divided into 
two groups, X andY, on the basis of periderm (VanWyk 
eta/. 1980), seed (VanWyk 1980), stomatal (VanWyk et 
a/. 1982) and other anatomical characters (VanWyk 1978). 
FAA- fixed leaves of three species of each group were 
studied (Table 1). 
With regard to each property each individual is 
represented by the average figure obtained from five leaves. 
In view of the rather invariant leaves of the southern 
African Eugenia species, the four to seven individuals 
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Table 1 Species of Eugenia and number of leaves 
studied 
Total 
Number of number of 
Number of leaves/ leaves/ 
Group Species individuals individual species 
X E. capensis (Eckl. & 5 25 
Zeyh.) Sond. 
X E. cf. mossambicen- 5 5 25 
sis Engl. 
X E. simii Dummer 4 20 
y E. a/banensis Sond. 7 5 35 
y E. verdoorniae 5 5 25 
VanWyk 
y E. zuluensis Dummer 5 25 
Total 31 155 
representing a species are regarded as adequate sampling 
for the present study. Voucher specimens are listed in the 
Appendix. 
2.2 Methods 
(a) Clearing 
Clearing is based on the method of O'Brien and Yon 
Teichman (1974) for 'difficult' specimens. The use of the 
autoclave (250 kPa at 125 oc for approximately 15 min) 
in this method speeds up the process, making it possible 
to clear a leaf within one day. 
Bleached leaves are rinsed in water and left overnight 
in Stockwell's solution (Johansen 1940). Afterwards the 
leaves are again thoroughly rinsed in water. 
(b) Staining 
Cleared leaves may either be placed in 5007o ethanol for 
five minutes and stained overnight in a safranin 0 solu-
tion (Johansen 1940) or, following Blackburn (1978), stain-
ed in a 0, 1 mol dm - 3 potassium permanganate solution for 
approximately five min. 
Excess safranin 0 is removed from the material with two 
or three changes of 5007o ethanol. Leaves stained with 
potassium permanganate are thoroughly rinsed in water. 
(c) Mounting 
Cleared leaves are dehydrated with acetone and infiltrated 
with 'Jackson's 1935 Polyester Resin' according to the 
following schedule (the ratios indicated refer to volume and 
indications of time are only approximate): Leaves are 
transferred to a mixture of two parts water, one part 
ethanol and one part acetone for 15 min. The material is 
then transferred to a mixture of one part water and one 
part acetone for 15 min, then to a mixture of one part water 
and four parts acetone for 15 min and then to a mixture 
of one part water and nine parts acetone also for 15 min. 
The material is then placed in acetone and after 15 min 
the acetone is replaced with fresh acetone in which it stays 
for 15 min. The leaves are then transferred to a mixture 
of one part acetone and one part polyester resin for 30 min 
and finally to polyester resin for 20 min. 
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The mounting medium is prepared by mixing the 
polyester resin and the catalyst supplied with it in a 50 : 1 
mass ratio. Each leaf is mounted between two glass slides. 
No weights should be placed on drying mounts. 
(d) Photographic prints 
Mounted leaves were placed directly in the negative car-
rier of a photographic enlarger and printed on 
photographic paper (200 mm x 260 mm). All properties 
except No.'s 1, 2, 18, 19 and 20 (see below) were deter-
mined from these photographs. 
(e) Properties 
Fifteen quantitative properties proposed by Hill (1980) 
(No.'s 1-4 and 6-16), three newly defined quantitative 
properties (No.'s 5, 17 and 18) and two binary properties 
used by VanWyk (1978) (No.'s 19 and 20) were employed 
(Table 2). 
Table 2 List of properties 
Number Property Unit 
I Leaf length mm 
2 Leaf width · mm 
3 Leaf length/ leaf width 
4 Position of maximum leaf width fl!o 
5 Primary vein length percentage % 
6 Leaf shape index 
7 Leaf base angle degrees 
8 Leaf apex angle degrees 
9 Position of 20% maximum width basally % 
10 Position of 20% maximum width apically % 
II Number of secondary veins 
12 Intersecondary vein percentage % 
13 Secondary vein intercostal shape 
14 Basal secondary vein angle degrees 
15 Secondary vein angle a degrees 
16 Secondary vein angle b degrees 
17 Marginal vein index 
18 Areole number 
19 Stomatal Type: 19.1 Type X 
19.2 Type Y 
20 Appearance of primary vein adaxially: 
20.1 Conspicuously raised primary vein 
present 
20.2 Conspicuously raised primary vein 
absent 
All vein lengths, i.e. those of the primary (property 5) 
and the laterals (property 11) were measured (following 
vein curvature) with a MOP-AMO 3 Kontron Image 
Analyzer. 
Property 1, leaf length (Hill1980), was slightly modified 
to allow for the blade of E. capensis, the basal part of 
which often extends beyond the point of insertion of the 
petiole. The primary vein was extrapolated basally to the 
point where it met the tangent to the margins of the two 
basal leaf blade parts. Leaf length of E. capensis was 
measured from this point to the leaf apex (Figure 1). 
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Figure 1 Determination of leaf length (property 1) in Eugenia capensis. 
Property 5 is calculated as follows: 
Primary vein length Primary vein length percentage = leaf length 
X 100 
Primary vein length is measured from the point of inser-
tion of the petiole to the end of the primary vein. Hill 
(1980) defines the end of a primary vein as the point at 
which it gives rise to a lateral vein of equal thickness to 
the continuation of the primary vein. 
Property 17, marginal vein index, is determined as 
follows: from the end of every secondary vein terminating 
at the marginal vein, the perpendicular distance to the leaf 
margin is measured (Figure 2) . The mean value, m, per 
leaf is used in the following formula : 
Leaf margin index = 1 f m 'd h x 200 ea w1 t 
Property 18, areole number is determined directly from 
the mount with a stereo microscope. At the position of 
maximum leaf width the number of areoles along 10 mm 
and adjacent to the marginal side of the marginal vein is 
counted. This area is chosen in such a way that the posi-
tion of maximum leaf width is in the centre of the 10 mm 
distance (Figure 3). The count is made on both the right 
and left sides of a mount, the mean of the two values be-
ing given as the areoie number. For the sake of convenience 
a counting area was always positioned from left to right 
in the field of vision . Areoles only partially included in the 
10 mm counting range, are excluded from a count on the 
left-hand side and included on the right-hand side of the 
counting range. 
Property 19, stomatal type (VanWyk eta!. 1982), was 
determined on dried leaves from voucher specimens. 
Leaves were prepared according to standard methods and 
viewed with a scanning electron microscope (Figure 4). 
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Figure 2 Determination of the margina l vein index (property 17). 
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Figure 3 Determination of the areole number (property 18). Only secon-
dary venation is shown on the primary vein side of the marginal vein. 
The figures indicate areoles counted on the right-hand side of the mount. 
Property 20 , appearance of the primary vein adaxially, 
indicates the presence or absence of a conspicuously rais-
ed primary vein and was determined on the adaxial leaf 
surface before leaf clearing (Figure 5) . The occurrence of 
a midrib prominently raised adaxially is a rare property 
among southern African species of Eugenia. It is present-
ly used (sometimes in combination with other properties) 
to separate E. zuluensis from all other indigenous species . 
(f) Standardization 
The mean of the values obtained from five leaves of an 
individual has been employed as the property value for 
each of the quantitative properties (No. ' s 1-18). These 
property values were standardized using the method of 
Sturges ( 1926) as employed by Hill (1980). 
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Figure 4 (a) Stomatal type X: Eugenia simii. Cuticular ledges (L) ap-
proximately horizontal with regard to blade surface and surrounded by 
a conspicuous cuticular ridge (R). 
(b) Stomatal type Y: Eugenia albanensis. Cuticular ledges (L) dome-shaped 
with the alignment of the basal portion more or less perpendicular to 
the lamina surface and cuticular ridge absent. 
(g) Numerical analysis 
(i) Cluster analysis. Two computer programs for cluster 
analysis have been employed. The first has been written 
by Orloci and the methods employed are explained in 
Orloci (1967). It has been used among others by Lubke 
(1969) and Vander Westhuizen (1976). This program im-
plements an agglomerative clustering method which 
operates on metric distance and uses the within-group sum 
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a 
b 
Figure 5 Schematic presentation of a transverse section of the primary 
vein region of a leaf blade illustrating the appearance of the primary vein 
adaxially (property 20). (a) Conspicuously raised primary vein present 
(b) Conspicuously raised primary vein absent. 
of squares as the agglomeration criterion. Agglomeration 
is carried out in successive cycles in a manner such that 
the within-group sum of squares is minimized and, accor-
dingly, the differences between the groups are maximized 
at each clustering cycles. In this way a hierarchy of 
dichotomous branching is constructed. 
The second program has been developed by Steyn 
(Department of Statistics, P. U. for C. H .E., Potchef-
stroom) and Coetzee (Department of Botany, U.S., Stellen-
bosch) and used among others by Van Wyk (1978). The 
program calculates the percentage similarity (P) between 
individuals and for purposes of this investigatio~1 the equa-
tion of Canberra (Coetzee, pers. comm.) was employed. 
The formula is: 
P - (1 1 ~ (X;k - X;k)) 100 · . . - 1 N ;· - - - '-- (X X ) ' 1' J - ' .... ' ' 1 n k ~ 1 ik + Jk 
where X;k is the value of property k of individual i, n is the 
number of properties and N is the number of individuals. 
For qualitative properties the terms concerned in the 
summation become: 
The percentage similarities are used to cluster the in-
dividuals by means of centroid linkage and a table from 
which a dendrogram can be constructed, is printed. 
(ii) Principal component analysis. The principal com-
ponents have been calculated by means of a computer pro-
gram written by Morris (Datametrical Services, Depart-
ment of Agriculture and Fisheries, Pretoria). See Ross & 
Morris (1971) for an explanation and application of the 
program. 
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Figure 6 Cleared leaves of species of Eugenia (a) E. simii, stain : safranin 0; (b) E. capensis, stain : potass ium permanganate; (c) E. cf. mossambicen-
sis, stain: safranin 0; (d) E. a/banensis, stain : safranin 0; (e) E. verdoorniae, stain: potassium permanganate; (f) E. zuluensis, stain: safranin 0. 
Length of scale = 5 mm. 
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Figure 7 Phenogram for 31 individuals with 20 properpties. Vertica l scale indicates wi thin-group mean squares expressed as percentages of the sam-
ple mean square . Computer program: Orloci (1967). 
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Figure 8 Phenogram for 31 individuals with 20 properties . Computer program: Steyn & Coetzee. 
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Figure 9 Ordination diagram of the first two components of a principal component analysis on 31 individuals with 20 properties. Variance ac-
counted for: component I- 31,507o; component II- 25,2%. 
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Figure 10 Ordination diagram of the first and third components of a principal component analysis on 31 individuals with 20 properties. Variance 
accounted for : component I- 31,5%, component III- 15,3%. 
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Figure 11 Ordination diagram of the second and third components of a principal component analysis on 31 individuals with 20 properties. Variance 
accounted for: component II- 25,207o; component Ill- 15,3%. 
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Figure 12 Ordination diagram of the first and third components of a principal component analysis on 21 individuals with 20 properties. Variance 
accounted for: component I- 34,8%; component III- 13,3%. 
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Figure 13 Ordination diagram of the first and third components of a principal component analysis on I 0 individuals with 17 properties. Properties 
3, 19 & 20 have been omitted. Variance accounted for: component I- 58,207o; component Ill - 10,007o. 
3. Results 
3.1 Permanent mounts and photographs 
The clearing and mounting procedures were most effec-
tive and resulted in transparent permanent mounts . 
Safranin 0 stained the veins from pink to dark red and 
gave a satisfactory contrast between veins and other leaf 
tissues. Potassium permanganate solution gave the best 
staining results. Within 5 min the veins stained dark brown, 
contrasting excellently with the surrounding leaf tissue. 
Complete removal of the cuticular membrane (and 
sometimes epidermis) in specimens from group X proved 
to be possible following autoclaving. This resulted in im-
proved contrast after staining. 
Figure 6 shows prints of cleared, stained and permanent-
ly mounted leaves of each of the Eugenia spp. studied. 
3.2 Numerical analysis 
(a) Cluster analysis 
The results are shown in Figures 7 & 8. With the excep-
tion of individual 6, the clustering of all individuals cor-
responds to the currently recognized species. 
(b) Principal component analysis 
The results are shown in Figures 9- 13. Where standar-
dized values were identical in all the individuals employed 
in a given principal component analysis, those properties 
were omitted. 
4. Discussion 
4.1 Permanent mounts 
The use of the autoclave (O'Brien & Von Teichman 1974) 
with leaf clearing in KOH saves time. Christophel & 
Blackburn (1975) point out that a leaf of a Cinnamomum 
sp. has to be soaked in a KOH or NaOH solution for four 
weeks. Using the autoclave, the KOH stage lasted approx-
imately 45 min for the Eugenia leaves in this investigation. 
After autoclaving, the leaves in this study were soaked 
in household bleach for approximately 1 h. Leaves only 
soaked but not autoclaved in KOH, however, have to be 
bleached for two to seven days (Christophel & Blackburn 
1975). Stockwell's solution (1 ohansen 1940) applied after 
bleaching, improved the staining results . 
As for a stain, potassium permanganate is preferred to 
safranin 0. According to Blackburn (1978) safranin 0 
fades with time, the process appearing to be related to the 
presence of traces of catalyst in the mounting medium. In 
the case of potassium permanganate, an inorganic 
substance, the pigment itself is manganese dioxide, 
deposited from the reduction of the permanganate in the 
presence of lignin. This compound is chemically stable and 
should not fade with time. 
The use of polyester resin (Christophel & Blackburn 
1975) as mounting medium shortened the drying period 
considerably. Mountants such as Canada Balsam, Euparol 
and Permount, dry only after approximately three weeks. 
'Jackson's 1935 Polyester Resin' used in this study dries 
within about 1 h . A further advantage is that the resin also 
aids in the clearing of the leaves. 
The use of weights on the drying mounts is not recom-
mended as this often causes the formation of opaque areas. 
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4.2 Numerical analysis 
Phenograms based on both programs (Figures 7 & 8) 
cluster the individuals into the conventionally identified 
species, except individual6 which groups with E. capensis 
instead of E. cf. mossambicensis. 
The individuals of E. capensis group clearly in Figures 
9, 10 & 11, and those of E. verdoorniae in Figures 9 & 11. 
In figure 12 the individuals of the remaining four species 
form distinct groups which correspond to current 
identification. 
Individual 6, currently identified as E. cf. mossambicen-
sis shows affinity to E. capensis (Figures 9, 10 & 11), the 
same trend having been indicated by the results of the 
cluster analysis . Presumably E. cf. mossambicensis 
represents a grassland form of E. capensis. Typical E. 
capensis occurs mostly as shrubs or trees on the coastal 
dunes of Natal and the eastern Cape where veld fires are 
relatively rare. E. cf. mossambicensis, usually with a dwarf 
shrub habit, occurs more inland e.g. in the grassland of 
Maputaland where it is regularly subjected to burning. 
Individual 6 was collected in a rocky habitat in the 
eastern Transvaal where it apparently is rarely influenced 
by veld fires, while the other members of E. cf. mossam-
bicensis included in this study grow in Maputaland and are 
often exposed to fire. 
Since the flowers and fruits of E. capensis and E. cf. 
mossambicensis are almost identical, it is recommended 
that the possible relationship between the two taxa be in-
vestigated further by utilizing, among others, foliar 
properties. 
The division of southern African species of Eugenia in-
to groups X and Y (see 2.1) is reflected by neither the 
phenograms (Figures 7 & 8) nor by the ordination diagrams 
(Figures 9, 10 & 11) . Nevertheless the structure of the 
stomata (property 19) as well as the easy removal of the 
cuticular membrane only in species from group X after 
autoclaving, support the proposed grouping. 
This lack of concordance may be owing to the fact that 
a limited number of only leaf properties have been used. 
There also is the possibility of some inter-dependence 
among them. In fact, supporting evidence for the propos-
ed grouping is also derived from stem, flower and seed 
morphology. Indeed results of a cluster analysis employ-
ing 73 anatomical leaf properties (Van Wyk 1978) show 
slightly more concordance with the proposed grouping than 
the results of the present study. If evaluated separately, 
six of these anatomical properties support it. Thus indica-
tions are that a limited number of properties for numerical 
analysis may tend to obscure supra-specific groupings. The 
same can be expected with a large number of properties 
of which many, if evaluated separately, are not suppor-
tive of such groupings. 
The results illustrate the value of mainly quantitative 
foliar properties when only vegetative material is available 
such as in the case of fossils, even in taxa with relatively 
little leaf variation. These properties might also be useful 
in taxa showing little variation in flower and fruit proper-
ties, as in several Eugenia species. The results also support 
the usefulness of the quantitative foliar properties introduc-
ed by Hill (1980). 
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5. Conclusions 
(a) Leaves of species of Eugenia were effectively cleared, 
stained, and permanently mounted, the mounts being 
directly usable for the production of enlarged 
photographic prints of the venation pattern of the 
leaves. 
(b) The current delimitation of six species of Eugenia du-
ring which usually only a few properties are employed, 
is to a great extent supported by a combination of 18 
quantitative and two qualitative foliar properties. 
(c) The possible relationship between E. capensis and E. 
cf. mossambicensis deserves further study employing 
among other things, quantitative foliar organographic 
properties. 
(d) Although Sneath and Sakal (1973) recommend a 
minimum number of 60 properties for a numerical 
study, clear grouping of individuals into clusters was 
obtained with only 20 properties. 
(e) The determination of quantitative foliar properties is 
time consuming - the method is recommended only 
when very few or no other properties are available for 
study. 
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Appendix List of voucher specimens. All specimen 3030 cc 2335 18 
numbers are those of the second author. Specimens Port Shepstone 
are deposited in PRU 3129 BD 1616 19 
Port St. Johns 
Specimen Individual 3129 BD 161 7 20 
Species Grid reference number number Port St. Johns 
Eugenia zuluensis 2830 DB 1010 21 
Eugenia capensis 2832 cc 994 Dundee 
Mtubatuba 2930 AC 1244 22 
2732 DA 985 2 Pietermaritzburg 
Ubombo 3029 DA 3263 23 
3327 CA 3166 3 Kokstad 
Peddie 3029 DA 3268 24 
3228 CB 3245 4 Kokstad 
Butterworth 2930 AC 1240 25 
3130 AA 2618 5 Pietermaritzburg 
Port Edward 
Eugenia albanensis 3130 AA 1342 12 
Eugenia cf. 2531 CA 5521 6 Port Edward 
mossambicensis Komatipoort 3129 BC 1350 26 
2732 AC 2495 7 Port St. Johns 
Ubombo 3326 BD 3209 27 
2732 BC 975 8 G rahamstown 
Ubombo 3129 BD 1552 28 
2732 BA 979 9 Port St. Johns 
Ubombo 3030 BD 1264 29 
2732 CA 990 10 Port Shepstone 
Ubombo 3130 AA 1690 30 
Eugenia simii 3030 CA 1271 11 Port Edward 
Port Shepstone 2930 C B 1247 31 
3030 CA 1270 13 Pietermaritzburg 
Port Shepstone 
